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摘要:数学形态学是分析几何形状和结构的数学方法,广泛应用于各类图像形状和结构的分析与处理. 浮游植物是海洋
生态系统中的重要初级生产者, 其个体微小, 但形态特征各异,一般要在显微镜下才能进行准确的种类鉴定.本文以海洋
常见赤潮藻血红哈卡藻 (Akashiwo sanguinea ( H irasaka) H ansen & M oestrup)为对象, 利用数学形态学方法来处理和分析
其细胞显微图像. 数学形态学算法包括二值图像形态学和灰度图像形态学,涉及到膨胀、腐蚀、开闭运算, 提供了快速高
效的优化算法, 特别是基于形态学分水岭的图像分割、标记目标、目标分割. 研究结果证明, 数学形态学可应用于海洋浮
游植物显微图像处理, 为浮游植物显微自动识别提供了理论基础.
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强和恢复等方面的工作 (图 1) .
图 1 数学形态学的处理方法























( x, y ),结构单元取作 b ( x, y ),这里都是整数,则 f和 b
是对每一个 ( x, y )坐标赋以的灰度值函数. 腐蚀运算
相当于在结构单元定义的邻域内选择了 f - b的最小












1. 1. 2 开运算和闭运算
假设 A为输入图像, B为结构元素,利用 B对 A作
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开运算,用符号 A .B表示, 开运算实际上是 A 先被 B
腐蚀, 然后再被 B膨胀的结果.也可以理解为, 开运算
可以通过计算所有可以填入图像内部的结构元素平移
的并集求得.当结构元素 B扫过整个图像集合内部,









集合, 该集合中包含所有这样的点 X, x被一个平移的
镜像结构元素覆盖的同时, 平移的镜像结构元素与 A
图像必有一些公共点. 由此看出, 初始图像 A是包含












(f ( b ) ( x ) = max {y Bgx + y<< f }.
从几何角度讲,为了求出信号被结构元素在点 x
腐蚀的结果,可以在空间滑动这个结构元素,使其原点
与 x点重合, 然后上推结构元素, 使之仍处于信号下方
所能达到的最大值,即为该点的腐蚀结果.
与二值情况一样,灰度膨胀也可用灰度腐蚀的对




( f Ý b ) ( x ) = m in{y B( Ï)x + y>> f }.
1. 2. 2 开运算和闭运算
具备了腐蚀和膨胀这两种初级灰度形态学变换,













f . b= ( f ( b ) Ý b,







  以血红哈卡藻 (Akash iw o sanguinea)显微图像为例,
首先采用二值图像形态学的基本算子来实现膨胀、腐





m _M orpheu s. SetIm age In (m _M orpheus. Ge tIm ageO ut( ) );
m _M orpheu s. SetD istanceT ype ( 1) ;
m _M orpheu s. B inaryCoun t( );
// P roper ty Count
iCount = m _M orpheu s. G etCoun t( );
m _cvD ispD s.t SetIm age( m _M orpheu s. G etIm ageOu t( ) );
// long Im age
m _cvD ispD s.t Refresh( ); // Refresh the D isp lay
  图 2 基于二值图像形态学算法的数学形态学处理平台 (以血红哈卡藻为例 )
  F ig. 2 M athem atica lmo rpho logy processing platfo rm based on b ina ry im age mo rpho log ica l processing algor ithm ( phytoplankton spec ies
of the im age is Akashiw o sanguinea)
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  图 3 基于灰度图像形态学算法的数学形态学处理平台 (以血红哈卡藻为例 )
  F ig. 3 M athem a tica lm orpho logy processing platfo rm based on gray im age mo rpho log ica l processing a lgor ithm ( phy top lankton spec ies
o f the im age is Akashiw o sanguinea )
2. 2 基于灰度图像形态学算法的数学形态
学处理平台










m _M orpheu s. SetIm age In (m _M orpheus. Ge tIm ageO ut( ) );
m _M orpheu s. SetD istanceType ( 1) ;
m _M orpheu s. B inarySepara( );
// P roper ty Count
iCount = m _M orpheu s. G etCoun t( );
m _cvD ispD s.t SetIm age( m _M orpheu s. G etIm ageOu t( ) );
// long Im age
m _cvD ispD s.t Refresh( ); // Refresh the D isp lay
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Application ofMathematicalMorphology toM icroscope Image
Processing ofM arine Phytoplankton
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Abstract: M athem aticalm orphology is one of a m athem atical m e thod s for analy sis of geom e tric shape and structure, and has been com-
m only u sed in mi age analy sis and treatm en.t Phytoplank ton is mi portan t prmi ary producer in m ar ine ecosystem w hose cell is u sually sm all and
can be w e ll iden tified on ly under m icro scope although it is usually typical in m orpho logy for d ifferent spec ies. Akashiwo sangu inea ( H irasaka)
H ansen &M oestrup, a comm on red- tide cau sative phytop lankton species, is se lected as tested target for mi age treatm en tw ith m athem atical
m orphology in the presen t study. D ifferen tm athem aticalm orpho logicalm ethods w ere used in th is study for analy sis and processing of m arine
phytop lankton m icroscope mi ages. The algor ithm s inc lude binary mi age m orpho logical processing algorithm and gray mi age m orpho logical
processing algorithm referring to quick and efficient optmi ized algorithm s of erosion and d ilation, open ing- closing operation, especially the
mi age segm en tation base on m orpho logicalw atershed, target tags and target segm entation. It is suggested thatm athem aticalm orphology cou ld
be a good m e thod fo r m icroscope mi age treatm en t and is very like ly to be applied in au tom atic identification system of m arine phytoplank-
ton s.
Key words: m athem aticalm orpho logy; binary mi age m orphological processing algorithm; gray mi age m orphological processing algorithm;
m ar ine phytoplankton
